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This paper presents the conclusions ob-
tained from clinical evidence which was
gained whilst observing the muscle responses
in patients affected by varying degrees of
paralysis as a result of a cerebral vascular
accident.
It introduces an innovatory method of
treating paralysis based on exercising "key"
Flexor muscles in a definite and systematic
order according to an empirically established
neuromuscular hierarchy.
These "key" muscles are the flexors of the
neck, elbow, hip and knee and also what we
call the terminal key muscles, namely F1exor
Digitorum Profundus (Index) and Flexor
Digitorum Longus (Hallucis) in the hand and
foot respectively.
Apparently the key muscles or their recep-
tors command the excitatory and inhibitory
pathways through the complex neuronal and
interneuronal synaptic mechanisms and net-
w,orks; if they are sufficiently stimulated, they
will ultimately permit and govern useful limb
function.
Before advocating an innovatory solution
to a problem it is necessary to define that
problem and analyse why existing methods
have failed to solve it.. At the beginning of
this project, in 1962, there was no answer to
the problem of how to arrest the progress
of spastic contractures other than by surgery.
We noticed that all forms of paralysis bore
similarities; there seemed to he a connection
between muscle cramps in flail polio limbs and
paraplegic flexor adductor spasms and the
sustained spastic contractures and flaccid
paralysis as in hemiplegia.
It became apparent that the disabled brain
needs stimulation, and the most convenient
way of providing this is by exercising the
neck flexors. The objeet of this exercise is
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not to strengthen the muscle as such, but to
stimulate the receptors in the muscle and
thereby provide input stimuli to the brain.
When one uses this procedure, in con-
junction with the stimulation of the limb
muscles, the overall recovery of limb function
is hastened (as described below)"
After one gets the overall improvement, it
then is possible to detect the functions which
have been most severely affected by the central
lesion. In one patient, whose treatment began
in 1965, a residual lesion was observed which
incapacitated the arm-i.e. neither the flexors
nor the extensors were able to complete the
inner and outer ranges of movement at the
elbow joint. In another later patient, there was
excessive postural activity in the Flexor Digi-
torunl Sublimis preventing the fingers from
extending.. In that patient Flexor Digitorum
Profundis was deliberately exercised and the
result was that onset of a Flexion contracture
deformity was averted.
From a practical point of view the reason
why clinical workers have been slow to grasp
and understand the complexity of nervous
function has been the comparatively late de-
velopment of neuroscience and in particular
neurochemistry. Biologists were unaware of
the energy dependency of nerve impulse trans..
111ission and information processing require-
ments until the 1940's when Norbert Wiener
and Claude Shannon developed information
theory and clarified the role of the energy
support factor (Wiener and Schade, 1963 and
1965) .
In addition to biogenic energy theory, there
is also trophic theory, and the practical ap-
plication of the latter is most obvious in
hemiplegia. Cerebral vascular accidents vary
greatly in severity and the incapacity of the
patients would theoretically be best measured
by the numbers of inactive receptor organs-
the muscle spindles, Golgi tendon organs,
Pacinian bodies etc. This is because the
crucial factor limiting recovery is the extent
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of the sensory loss rather than the failure
of muscle power. The extent of the sensory
deficit is, in turn, governed by the extent of
defective neurotrophic function. It is beyond
the scope of this paper to elaborate further
on this subject; the reader is referred to
experimental literature which deals with the
more recent discoveries in neurochemistry,
e.g. metabolic pools, biogenic neurones, neuro..
trophic relations and mechanisms in the brain
and central nervous system (Himwich and
Himwich, 1964; Singer and Schade, 1964)"
The progressive development of spastic
paralysis and contractures is influenced and
controlled by the recuperative capacity or
incapacity in the combined neurochemical
energy and trophic mechanisms. This means
that some patients develop severe contrac-
tures while others appear to he more or
less stationary. The first group of patients
demonstrate the synaptic occlusions and re-
stricted use of the body's metabofic energy
resources while the second group confirms
one's suspicions that neurochemical function
is sometimes difficult to restore.
The two main evolutionary features of man
are the tool using and carrying hand and
erect stance with bipedal progression. Hand
function depends on the grasp-release and
reaching shoulder mechanisms. The inter-
vening articulation (elbow) adds flexibility
and manouvreability and permits the groom-
ing and feeding reflexes. The knee joint has
a unique role in weight bearing and propul-
sion, and reliable function of the vestibular
mechanisms is linked with sufficient level of
control of quadriceps and the knee joint re-
flexes.
Clinical experience shows that the spinal
reflexes can and do disappear after a severe
cerehral vascular accident and that they re-
appear often with considerable diffic1:1lty, after
a long delay, and then in diminished numbers.
In view of what is to follow in explanation
of the return of the reflexes, we can assume
that defective neurochemical function is re-
sponsible for their disappearance and the
reappearance of reflexes in reduced numbers
is due to the greater obstacles to recovery of
the central' defect.
As Burr (1960) says: "The chemistry of
the living system in general, and in the ner..
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vous system in particular, is without douht
of prime importance. Every adaptation of a
living system to its environment requires
energy, and it is the chemistry of the body
that provides this; but it does not contain in
itself the vector properties which determine
the direction in which energy flows. So far as
is known, it is the nervous system which gives
direction to these processes."
PROTECTIVE MECHANISMS AND SPASTICITY
We are so accustomed to the intact form
of the protective mechanisms in the Central
Nervops System that it takes some effort and
a little imagination to recognise them in their
much delayed response form as in spastic
paralysis or when they ar~ part of the subtle
system of checks and counter checks by
homeostatic mechanisms and chemical sen-
sors.
Protopathic sensation is included in the
sense of touch. L. H. Matthews and M. Knight
(1965) have said: "The receptors for pain
and for temperature both seem to be of two
kinds, those that are normally used for de-
tailed discrimination and those that respond
to stronger stimuli. The latter are known as
the receptors of protopathic sensation; they
need a very much stronger stimulus in order
to react, but once the sensation is aroused it
is intense, long lasting, and very distressing.
The protopathic sensations are those of very
high or very low temperature and of great
. "paIn.
The strongest argument against trying to
establish extensor reflex activity except
through the flexor input comes from the
following clinical observations. Patients who
have suffered severe sensory loss exhibit an
abnormally low threshold to pain of the pres-
sure detecting receptors in the skin over the
dorsal aspect of the metatarsal region and the
toes; however desirable it could be, extensor
reflex training is prohibited in these cases,
simply because of the pain.
The gradual disappearance of flexor and ex-
tensor reflexes is a feature of all degenerative
diseases of the foeomotor system including
rheumatism; the rheumatic patient boasts of
his release from pain only to discover that
the penalty is decreased joint mobility and
diminished limb power.
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Similarly, the protective protopathic me-
chanisms of the central nervous system will
discourage the angina patient from taking an
advised daily walk, unless something is done
to promote better function 01 the life sustain..
ing mechanisms.
We originally associated the signs of im..
pending death or relapse with declining func-
tion in the sternomastoid muscle, without
realising fully the implications of the fact
that part of the sternomastoid function is to
take part in the orientating reflex.. Smythies
(1970) describes this as the "orientating re..
sponse of the animal when it turns its head
and eyes towards the source of the stimulus
as in self preservation and information
gathering". At first indeed it seemed as if
unilateral and bilateral decline of the sterno-
mastoid muscle function was the prime cause
of frequent relapse in patients; a "rerapse" is
suspected when the patient complains of
alarming symptoms such as undue fatigue
and vertigo, feeling unwell and so on. Death
occurred in several cases of such patients
when physiotherapy treatment was discon..
tinued either hefore or immediately after the
appearance of the relapse symptoms, whereas
other patients who showed similar symptoms
were successfully managed and survived their
reIapses when the sternomastoids and pre-
vertehral muscles were exercised sufficiently.
Relapse symptoms continued to be an un-
solved problem in certain patients until
January, 1973. Then, a 60-year..old patient
who had suffered a mild cerebral vascular
accident exhibited the recurring relapse signs
and the cause was traced to poor function of
the neck flexors, and the relapse tendency dis-
appeared when exercise was confined to the
neck flexors ..
Extensor reflex activity is apt to be a
nuisance when it returns in erratic and un..
bridled form. This was demonstrated clearly
several years ago when the partial recovery of
an elderly patient with a severe cerebal vas..
cular accident lesion (bilateral limb paralysis
and mental confusion) was complicated by
the appearance of sudden strong neck extensor
spasms. These posed such a threat to the safety
of the attendant staff that there was no alter..
native but to abandon the patient to passive
nursing treatment; he died as a result of
respiratory infection shortly afterwards.
It is also worth commenting on the in-
fluence of posture on the distribution of reflex
activity or muscle tone. Several patients have
been rescued from the progressive effects of
the Triceps Surae synergist and antagonist
reflex syndrome. Ambulatory function in these
patients was of a precarious kind, in which
the knee flexes during ambulation. But the
same patients were completely unable to flex
the leg when supine; this confirms the view
that walking is a reflex action, and that it is
controlled by the sense mechanisms in the sole
of the foot. In this connection we may recall
that Eccles (1967) and others have com-
mented on the preponderance of inhibition of
extensor reflexes.
Hemiplegics and rheumatic patients pro..
vide as good an opportunity as any to observe
the successive levels of reflex activity which
underlie sensorimotor function ranging from
the 1a afferent monosynaptic reflexes through
to high threshold joint reflex activity..
The early stages of paralysis caused by a
severe cerebral vascular accident are charac-
terised by flaccidity which gives way to vary-
ing degrees of spasticity. We have to account
for and explain this phenomenon; namely,
why does flaccid paraIysis change into spastic
paralysis?
While there is no better demonstration of
the dependence of the internal environment of
the central nervous system on its external
environment than in the gradual transition
of flaccid paralysis into spastic paralysis, we
have to refer to the work of neurophysiolo-
gists for an explanation of the mass flexor
synergist and antagonist reflex syndrome
which is a feature of spastic paralysis.
Apparently, the explanation is that when
a muscle is stretched by, for example, the
weight of the distal limb segments, its muscle
spindles are stimulated and so initiate the 1a
afferent monosynaptic nerve impulse.. This
physiological process is called the transdue..
tion function, and muscle spindles and GoIgi
tendon organs are transducers or mechanisms
of energy transduction (Schade and Ford,
1973) .
~T e can refer to precise neurophysiological
evidence to explain the activities and be..
haviour of the incapacitated nervous system,
but only by way of analogy, because almost
Aust.J..Physiother., XX, 4, December, 1974
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all of the current body of experimental neuro-
science deals with phenomena which take
place on a time scale of tens of milliseconds,
whereas we are concerned with processes tak·
ing place over weeks, months and even years.
Eccles (1969) has pointed out that all
monosynaptic reflexes are excitatory once they
enter the spinal cord and reach the synaptic
junction between the terminal of the afferent
fibre and a motor..neuron. The effect of ex..
tension of a joint is to arouse increasing DUID"
hers of stretch detector sensors. The motor..
neuron fires onfy when a sufficient number of
the afferent fibres leading from these sensors
to the motorneuron are ~imultaneously active.
Therefore, in order to restore the motor-
neurons to proper function, we have first to
revive enough of the receptors and their
afferent pathways. The rule of the nervous
system is that each neuron acts in an excita-
tory or inhibitory manner, not both. The
firing power of a neuron is governed by the
clusters of excitatory or inhibitory synapses
around it, and it fires accordingly when their
synaptic mechanisms are simultaneously ex-
cited. Therefore the transmission of the nerve
impulse across the synaptic gap causes the
neuron to fire and the impulse or message
goes on its way through the neuron along the
efferent fibre to the effector organ. (In the
case of the monosynaptic reflex, this is the
muscle fibre.) Although a great deal is known
about synaptic transmission mechanisms there
appears to be controversy still about the mode
of action of synaptic transmission. There is
evidence of hoth electrical and chemical
synapses (Katz, 1966). If we are concerned
with inactive pathways which go through
chemically operating synapses, we can expect
recovery to be delayed until there is improve-
ment of the combined chemical synaptic
mechanisms. As more of these synaptic end..
ings (junctions) and neurons become active,
even as in spastic paralysis, it is obvious that
they benefit from use. Nerve function is re..
stricted in spastic paralysis to some pathways
while others remain inactive.
If left to nature, two types of spastic
paralysis can deveTop depending on the
amount of external stimulation and the
brain's capacity for recovery. In the first type
postural reflex activity spreads at best from
the elbow or knee flexors to their synergists
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and antagonist muscles, but it does not extend
to the terminal key flexors. In the second type,
which corresponds to a better recovery of the
neurochemical factor, there is enough phasic
as well as postural reflex activity to permit
joint movement, although neither the flexors
nor extensors can compfete the full range of
joint movement.
The worst that can happen is for recovery
to be limited to the penultimate flexors and
their antagonists so that the terminal flexors
are deprived of external stimulation, and thus
excluded synaptically from the means of using
the body's metabolic energy resources. The
implications of these synaptic occlusions is
that the hand and its digits are fixed by a
combination of Flexor Digitorum Sublimis
(1st interdigital) and extensor interossei (ter..
minal digit) reflex activity, reinforced by
the gamma muscle efferent servomechanisms,
80 that the hand cannot be placed on a flat
surface. As a result of these sustained con..
tractures the pressure detecting receptors in
the palm and fingers and the grasp release
mechanisms are deprived of stimulation and
in consequence they atrophy. Similarl'y in the
foot the concentration of sustained postural
reflex activity in Triceps Surae and Tibialis
Anterior and intermittent spasms in Tibialis
Anterior, Extensor Hallucis Brevis (Babinski
reflex) and sometimes Flexor Hallucis Brevis,
prevent the foot from heing placed flat on the
ground. Again, the pressure receptors and Key
Flexor muscles are deprived of stimulation
and so atrophy, and it becomes impossible for
the foot to hear the body's weight safely.
RESTORATION OF THE REFLEX ARCS
Treatment of a severe Cerebral Vascular
Accident is always a slow and time-consuming
task. The reason for this is that recovery
depends on restoring presynaptic function in
its entirety in both limbs.
A flaccid paralysis indicates that all the
stretch detecting sensors in the muscle and
tendon have been incapacitated. These deva-
stating effects appear to be due to the failure
of the 'trophic non-impulse factor' and what
Gutmann (1964) also refers to as the 'recep..
tor controlling factor'.
Practice shows that long periods of stimu-
lation are required for individual muscles in
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order to establish presynaptic function and
the nerve impulse transmission function.
Daily training periods of no less than 10 and
preferahly 30 to 40 minutes for individual
muscles appear to be necessary. Treatment
should begin immediately, so as to forestall
the appearance of degenerative changes and
atrophy of the relevant structures and func..
tions.
Treatment imitates nature and begins with
the elbow and knee flexor muscles. The
regenerative power of the flexor reflexes par-
ticularly at these joints seems to be onto-
genetically determined because of the greater
degree of stretch provided by the anatomical
relations of flexor muscle. Conversely the
stretch detectors in the less stretched extensor
muscle are more difficult to arouse. The
gradual return of mass flexor reflex activity
suggests a belated "slow-motion" withdrawal
and protective mechanism in the nervous
system which has been taken unawares by
traullla or by overwhelming strain on its re-
sources caused by disease processes. Extensor
reflex activity, on the other hand, depends on
lengthier lines of support from the already
depleted or partly depleted biogenic meta-
bolic energy and trophic resources in the
Central Nervous System (Singer, 1964).
The time needed to restore presynaptic
function alone is often very considerable; it
depends on the randomly determined neuro-
chemical defect and the numbers of incapaci-
tated receptors~
The reflexes return in orderly succession if
one uses this method on the severely paralysed
patient.
It is important to he aware of the length of
time during which treatment must be per-
severed with, despite the absence initially of
tangible signs of improvement. To understand
the reason for this, we may recall the descrip-
tion of nerve activity given by the neuron
theory. This theory, which was proposed by
ForeI and His, about 1890, and which has
since heen confirmed and elaborated in enor-
mous detail by later studies, implies that a
nerve cell with its axons and dendrites is a
completely independent unit, separated from
its neighbours by a cleft called the synapse.
The opposing and disproved reticular theory
of Golgi and Gerlach, also about 1890, sug-
gests that there is no interruption between the
separate neurons. This would imply that the
neural link between brain and muscle is
direct, and works by a single..stage process.
Thus it would be reasonable to expect that in
paralysis, if improvement in neuromuscular
function is possible at all, it should manifest
itself quite soon after commencing treatment.
But in practice it is observed that either the
stroke is of the mildest variety, in which the
patient (after a brief ischaemic episode) can
be expected to recover spontaneously, or else
treatment has no immediately discernible
effect. In either case there is no point in per-
sisting with treatment: the mild cases recover
without it, and the more serious cases show
no immediate sign of recovery even with
treatment.
On the other hand, the neuron theory
pictures the neural link between brain and
muscle, or even between the sense-receptor
organs and the muscle in reflex action, as a
multiMstage process in which the nerve impulse
travels along one axon until it reaches the
synapse between this axon and the next, and
the impulse must then he transferred across
the synapse in order that transmission can
continue. According to the neuron theory,
then, it is to be expected that if there is
improvement in nerve function as a result of
physical therapy treatment, it will usually not
manifest itself in terms of ilnproved muscle
function and control until the improvement
extends over all stages of the neural process.
Initially, improvement is restricted to the first
stage, and only after this has reached a certain
level of efficiency can there be improvement in
the second stage, and so forth. Therefore it is
to be expected that even when effective treat-
ment is begun there will be an initial period
of delay (the duration of which depends on
the average number of stages in the neural
process) during which no improvement is
apparent, even though, at the cellular level, im-
provement is taking place. Thus the absence,
initially, of any apparent response to treat-
ment is no cause for pessimism.
The foregoing analysis may he given a more
detailed technical formulation. For example,
let us consider the neural process of signal..
transmission as taking place via a chain of one
or more neurons, and for simplicity let us
assume (if there is more than one neuron)
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that the several neurons in such a chain are
all alike. Signal transmission along the chain
will obviously he limited by its least efficient
link-the neuron with greatest "defect" (ex-
pressed as a percentage of its performance
when healthy). Suppose that initially all the
neurons in the chain are completely disabled
(each neuron has 100% defect), and that
external stimulation is applied constantly to
the first neuron. The rate of recovery of
each neuron is governed by the discrepancy
between the strength of the stimulus that it
receives and the strength of stimulus that it is
able to transmit; the greater this discrepancy
is, the faster the neuron is driven to recover.
The first neuron in the chain receives its
stimulation from the external world; for our
purposes we may regard the strength of this
stimulus as being constant. Every other neuron
in the chain receives only whatever stimulus
its predecessor can transmit, and this is
limited by the defect of that predecessor. It
will he clear that throughout the process of
recovery the neuron with greatest defect will
always be the last one in the chain-the one
furthest along the chain from the source of
stimulation.
The stimulus that a neuron can transmit is
limited by the defect of that neuron. More-
over, there is a strong tendency for a neuron
to transmit either at the maximum strength of
which it is capable or else not at all (this
effect is simetimes referred to as the "aII·or..
nothing law").
As a first approximation, then, we can say
that the rate of recovery of the first neuron
in the chain is proportional to its defect, and
the rate of recovery of any of the other
neurons is proportional to the difference be..
tween its defect and the defect of its pre-
decessor.
With suitable scaling of the variables (time
and defect), these assumptions are sufficient
to determine completely the defect of the N..th
neuron, expressed as a function of time. It
turns out to be the Poisson distribution func-
tion corresponding to the (N .. I) -st order
Erlang channel, the properties of which have
been studied extensively in relation to the
statistical theory of queues (see for example
Morse, 1958).
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The crux of our argument is that the rate
of improvement of a one-stage neural process
obeying an Erlang law becomes non-zero as
soon as external stimulation begins, whereas
for corresponding processes comprising two
or more stages the rate of improvement is
initially always zero.
This picture of the neural action and the
progress of improvement during treatment is
in fact reasonahly accurate. The shortest re-
flex system (first described by Cajal), in-
volving only one synapse, is typical of the
stretch reflex arc. Most of the reflex arcs
occurring in the organism, including all the
cutaneous reflex arcs, are multi-neuron arcs
which have at least one intermediate (inter..
nuncial) neuron between the afferent and
efferent neurons. This picture has been
clarified by the work of Eccles (1957), Katz
(1961), and others, who have established that
the function of the synapse and the axon im-
proves with use and atrophies with disuse.
In the light of these facts, it is not surprising
that it is the stretch reflexes which return after
a cerebral ~troke, whereas improvement in
more complex functions is observed only after
a considerable amount of work has been done.
It is our contention that although the reticular
theory itself has long heen discredited, the
practical implications drawn from it have
remained in tacit form to influence much of
-present.day clinical practice in the treatment
of paralysis. An outstanding example is the
widespread assumption that if the hand has
not recovered useful function within a few
months of the onset of a stroke, further
measurable improvement is unlikely. The
pessimistic conclusion is then drawn that in
such cases the hand should he neglected except
for passive movements, and that one should
be content with regaining only the ability to
walk. In practice, the amhulation so achieved
is usually of a precarious kind, with barely
enough postural and balance reflexes to cope
with simple progression on level terrain: the
patient is thus exposed to further hazards to
survival, as for example the risk of falling
and attendant injuries.
It is very difficult to make general pre-
dictions of the rate of recovery of limb func ..
tion-so much depends on the difficulty of
assessing the extent of sensory loss, and on
the co..operativeness and initiative of the
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patient. Patients with severe sensory loss are
often incapable of persevering with training
if the formal treatment ceases too early. How..
ever, as a very rough estimate, using the
method of treatment here presented one would
expect a return of hand function (sufficient
to be useful in daily life) after about six
months in a fairly severe case of sensory
paralysis, and appreciably sooner if the sen..
sory loss is smalL
If treatment is begun immediately it takes
from 4 to 6 weeks to establish some finger
extensor postural and short range phasic reflex
activity. If paralysis is long standing, with
contractured joints, it may take as many years
to reach the same stage of recovery. It is not
easy to trace the pattern of recovery at synap·
tic level because it shows more clearly in some
patients than in others, but once the pattern
has been grasped we can observe it in all
patients.
SYNAPTIC MECHANISMS
Each sensory nerve is from a muscle re-
ceptor that is either synergist or antagonist
to the muscle that the homonymous motor-
neuron causes to contract.
As neural activity is progressively restored
to the sensory nerves innervating the limb
muscles, the monosynaptic reflex arcs, which
orginate at the muscle spindles, become active
before the disynaptic ones, which originate at
the Goigi tendon organs.
Eccles stresses that all monosynaptic
reflexes are excitatory once they enter the
Spinal Cord. He has also given us a clear
picture of the reciprocal action of impulses
from tendon organs, that is, the Golgi mecha-
nisms: "Stretching a muscle evokes the dis..
charge of impulses from the Goigi tendon
organs along the group 1h afferent fihres
" . " These impulses by disynaptic action
inhibit the homonymous and synergist motor..
neurones, and excite the antagonist motor-
neurones " . . The threshold of these receptors
is higher than the annulo..spiraI endings, hut
they are excited both by contraction and
stretch" (Eccles, 1953).
The significance of the Ih afferent reflexes
is that they inhibit muscles supplied by the
homonymous and synergist neurons and they
excite antagonist muscles supplied by hete..
ronymous neurons.
The net result is a reversal of the pattern
of inhibitory and excitatory influences exerted
by a limb muscle on its synergists and antago-
nists. It is of crucial importance for the
therapist to understand why this occurs, and
to recognise the stages of this process in each
patient, because the mode of treatment must
he altered as soon as the effect of the disynap-
tic reflexes begins to outweigh the effect of the
monosynaptic reflexes. If this "change-over"
point is missed, further treatment will act to
retard recovery instead of advancing it.
Let us therefore trace in detail what hap-
pens during treatment at, say, the elbow joint
-that is, concentrating on the biceps muscle
in a paralysed arm. Every so often, the joint
is moved quickly a few times through the
outer part of its range of movement, in order
to give a quick stretching of the muscle
tendon and, eventually, to arouse the muscle..
spindle organs in the biceps. The first sign of
returning function is a barely perceptible tug
in the muscle in response to stretching, as the
stretch reflexes come into play"
At this early stage, the monosynaptic re..
flexes are gradually coming into action. These
reflexes typically excite the muscle itself,
(homonymous muscle) and its synergist
muscles, that is, wrist, finger and shouIder
flexors etc., and inhibit their antagonists,
namely Triceps, the pronators and the finger
extensors.
At a later stage in the treatment, the
homonymous monosynaptic stretch reflexes
are sufficiently powerful to stretch the tendon
of the biceps, so as to arouse the Golgi tendon
organs. In this way, the treatment begins
to re·activate the disynaptic Ib reflex arcs
originating at the Golgi tendon organs. The
function of these reflex arcs is to inhibit the
flexor and its synergists, and to excite the
antagonists. In the healthy body, these reflexes
guard against and counteract overstress of the
flexor muscle and its tendon. But in the para..
lysed limb, the inhibitory action of the lb
reflex arcs from the biceps to the synergists
(e.g" wrist, finger, shoulder flexors) is not at
this stage balanced by the normal reflex
activity proper to the synergists, because the
muscle spindles and the Golgi tendon organs
of the synergist muscles themselves are out
of action. Therefore, if the lb (Golgi tendon)
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nerve activity from the biceps is allowed to
become too strong it will obstruct the recovery
of the synergists; thus it is essential to trans..
fer attention to these synergists before this
point has been reached. That is, when the
biceps la reflexes are active in exciting the
synergists, but the Ih reflexes are not yet
strong enough to cancel out this excitation, it
is time to transfer attention to the synergists.
When a certain level of postural reflex
activity has heen established in the elhow or
knee flexor, the proximal and distal joints are
treated in a similar way. That is, we proceed
to treat the synergists of the elbow and knee
flexors just as we have treated the flexors
themselves. Proceeding step by step in this
way it is comparatively easy to extend stretch
reflex activity as far as Flexor Digitorum
Sublimis. The most important task is to
spread the synergist flow of stretch reflex
activity from Flexor Digitorum Sublimis to
Flexor Digitorum Profundus and so reverse
the muscles' roles, so that Flexor Digitorum
Sublimis becomes synergist to Flexor Digi..
tarum Profundus.
The procedure for the leg is similar: first
the knee and hip flexors are treated, then the
ankle (Triceps Surae), and then, as soon as
possible, Flexor HaIlucis Longus. Stretch re-
flex training is now confined to the terminal
key muscles. Increasing resistance is given and
the patient's co-operation for sustained pos-
tural reflex activity is requested.
Again, our most important task is to see
that flexor synergist activity reaches the ter..
minal flexors, thus reversing the roles of the
muscles so that the key flexors drive and
command the penultimate flexors.
The reason for concentrating attention on
the key muscles is that they or their receptors
command the labyrinth of excitatory and in..
hibitory pathways through motorneurones and
command interneurones which will permit
useful limb function, if treatment is given
over a long enough period.
At first, the key muscles respond feebly and
intermittently. They are made to contract for
ever increasing periods; sustained effort is
not easy for a patient who has an extensive
central lesion. When the key muscles are able
to contract through the outer and middle parts
of their range of movement, recovery has
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reached the stage where we can record brief
insuhstantial extensor as well as flexor pos..
tural reflex activity and short range phasic
reflexes-the patient is able to move the joint
a few times through part of its range hefore
the reflexes exhaust themselves. At this stage,
a concentrated effort is made to regain the
inner range of j oint movement.
The best advice we can give is to persuade
the patient to co..operate fully and gradually
extend uninterrupted isometric contractions
over longer periods of 30-40 minutes.
Flexor Digitorum Profundus index initiates
flexion and extension, controls the pincer
mechanism, and guides and presides over all
hand function. Flexor Digitorum Profundus
II (middle finger) controls flexion. Flexor
Digitorum Profundus (III & IV) govern in-
trinsic function.
NEUROCHEMICAL FACTOR
The information processing or digital
factor of the central nervous system depends
on the ability of the latter to respond properly
to stimuli from the outside world and also
regulate its own environment. In particular it
must provide energy from the life function
sustaining mechanisms for the maintenance
of synaptic function and the ionic pump
action supporting the nerve impulse (Lubin-
ska, 1964, and Hodgkin, 1964).
Successful treatment depends on improving
all aspects of nervous function including
psychological as well as neurophysiological
functions. We can restore brief, insubstantial,
outer range postural reflex activity and short
range inconsequential phasic reflexes with
little or no co..operation from the patient.
However, the latter stages of recovery re-
quire sustained support from the body's own
metabolic energy resources. Attempts at sus..
tained voluntary action put considerable
strain on the patient who mayor may not he
willing to make the required effort. There is
thus a compelling need to influence the brain's
life-sustaining mechanism.
It is unsafe and quite improper to subject
the patient, even after a mild stroke, to the
gruelling and demanding limb procedures un..
less one is assured that the brain is 'well'
enough to bear the treatment. Often these
patients are sick and feeble and already
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suffering from cardiac and other serious
diseases. Wide fluctuations in health are
typical of some patients. Intense fatigue, feel-
ing 'unwell', or other more or less alarming
symptoms are best treated by exercise of the
neck flexors and rest from other activities.
The neck flexors offer the most convenient
avenue to stimulation of the brain and we
have found that adequate exercise of the neck
flexors definitely increases tolerance to fatigue
and decreases tendency to relapse. Increasing
numbers of experimental workers have em..
phasized the brain's need of stimulation
(Skinner, 1971). Hyden (1961) refers to
ribonucleic acid and protein impoverishment
in nerve cells deprived of sensory stimulation.
"We have found that if an animal is deprived
of stimulation in one of its sensory systems,
say sight or hearing, the neurons constituting
that particular system do not develop bio..
chemically, although their structure appears
entirely normaL The deprived nerve cells are
more or less empty bags, impoverished in
both RNA and proteins.
Conversely we find that when a sensory or
motor nerve centre is stimulated within
physiological limits, its individual nerve cells
show an increased content of RNA, proteins
and lipids. This increased production hegins
immediately when the level of stimulation is
increased and reverses within hours when it
is decreased."
Morphological evidence comes from Cooper,
who comments on the "hewildering numbers
of spindles" in muscles connecting the head
and neck (quoted by Granit, 1970).
TROPHIC FUNCTION
It is most important for the central nervous
system to be able to respond not only to the
stresses of daily living but also to the added
stress caused by over..exhaustion, injury or
disease. In a clear concise summary of the
Neurone Theory, Gutmann (op. cit.) refers to
the anatomical, functional, genetic and trophic
unity of the neurone. Others have inferred
the presence of a "trophic non impulse" fac-
tor, but Gutmann goes further and mentions
"a receptor controlling factor". We have
traced the cessation of sensorimotor function
to exhaustion of the brain's metabolic energy
reserves; clinical evidence suggests that neuro ..
trophic factors govern all nerve functions.
The degenerative changes observed can be
grouped into three stages or levels according
to their severity. Characteristic of the first
stage are symptoms of abnormal excitability
and low..threshold protopathic and fatigu-
ability sensations. These are usually in..
nocuous, but in conjunction with other
symptoms they may be warnings of an im-
pending relapse or worsening of the patient's
condition.
The second stage is characterized by dis..
ruption of sen50ry function - in particular,
visual and auditory hallucinations, disorders
of tactile sense (numbness, "pins and
needles"), and disturbances of the vestibular
mechanisms (vertigo, dizziness, impaired
balance) .
In the third stage, we have major degene..
rative changes: loss of limb function, vision,
or hearing. These categories of sensory dis..
turbance and loss are mentioned here because,
though they are well known, in practice they
are often misunderstood and misinterpreted.
The fatigue sensations play a vital role in
the preservation of life function sustaining
mechanisms. There is a potential risk of sud-
den death if these signals from the nervous
system are persistently ignored. The brain
records, presides over'l and provides for the
basic needs of sensation - and sensation is
the basis of existence.
CLINICAL NOTES
Some of the more valuable evidence con..
cerning sensation comes from a female patient
who was severely paralysed in 1969 at the age
of 61. In addition to hemiplegia, she suffered
maj or sensory loss affecting the following
sensory systems: touch (superficial and tern..
perature), perception of limb position and
movement, and diplopia. Her pre-stroke
medical record included heart disease from
which she had recovered, gall bladder sur..
gery, partial deafness and severe hypertension
which dated back to her early forties. The
preliminary stages of reflex training were
hampered by what can only he described as
muscle respiratory centre controlling mal-
function. Muscle contractions were tied to
respiration as inspiration, contraction, ex..
piration, relaxation. The ahsence of perception
of limb position meant that she invariably
sat on her hand, and on resumption of the
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erect stance the hand responded to the pos..
tural shift by clawing her thigh; the resulting
scratches were frequently deep enough to
cause bleeding..
Firm pressure and moderate heat and cold
all registered as undiscriminated pain stimuli.
The visual defect has improved to the extent
that long vision is normal..
We remark in passing that this patient
had good powers of concentration and this
factor helped treatment despite absence of
proprioception. This patient shows how the
central nervous system adapts to missing sen",
sorimotor components of the lower limb ..
Apparently the rotated pelvic gait, so charac-
teristic of left hemiplegics with visual impair..
ment, is the way in which the nervous system
adapts to the Triceps Surae dominant muscle
synergy.. The hip of the affected limb is
externally rotated to compensate for the sus..
tained supinating action and intermittent
spasms of Tibialis Anterior" The sound hip is
internally rotated.. In addition the weight of
the body is used to counteract plantar flexion
by Triceps Surae. Any reader who is still in
doubt about the power of spastic muscle has
never had to stretch a contractured tendon
achilles for months on end or restrain a
spastic hand.
The effects produced by malfunction in the
life sustaining mechanisms are not easy to
detect mainly because they are obscured by
the general effects of paralysis, that is, inertia
and feebleness ..
However it is possible to observe some
results of inadequate interaction between the
three great metabolic systems and the con..
trolling energy and trophic centres in the
brain.. It is most likely that patients who
complain of abdominal pain and discomfort
during attempted (and assisted) exercise ex-
hibit such an inadequacy. The more subtle
effects of respiratory control mechanisms on
limb function are well disguised (as described
ahove). Impaired cardiovascular links invari-
ahly mean frequent relapses (that is, feeling
unwell etc.. ) ..
The symptoms in each case are grossly
magnified and out of all proportion to the
insignificant and restricted efIort that is made
by the patient.. Thus a patient who has suc..
ceeded in maintaining contraction of a finger
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or toe for five minutes (after half an hour's
work by the therapist) may feel as much
fatigue as a healthy person might after a
day's strenuous physical labour..
SUMMARY
We have presented a method of improving
and restoring sensorimotor function. The
method is based on concentrating input of
stimulation at the key muscles sites and their
tendons. In presenting it with the clinical
evidence and the physiological justification,
we have incidentally demonstrated some of the
more subtle and mystifying aspects of Central
Nervous System function" These are:
I.. Practical evidence of the regenerative
power of the Central Nervous System,
that is, the return of the spinal reflexes;
2" the interdependence of the Central Ner..
VOllS System on its external and internal
environment for the maintenance of
sensorimotor function;
3.. the key to making the ionic pump that
supports nerve transmission function
work again;
4.. the excitatory and inhibitory synaptic
mechanisms which control movement,
whether abnormal or normaL
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